Microphotometric and linear viscoelastometric observations weredone for various samples of mochi cake prepared by a kneading or a stamping method. The former was done at a magnification of 10. The latter was done at a frequency between 3.1 and 3.3 x 10~4 radian/sec and at a temperature between 30 and 90°C. In both observations, differences were recognized among samples. However, quantitative interpretation seemed to be difficult using microphotometry. It was found that viscoelastic characterization of mochi cake should be done above the gelatinizing temperature. It was concluded that the combination of microphotometry and viscoelastometry in linear region allowed us to characterize mochi cake. Each of them only, however, was insufficient for the characterization.
Amochi cake is a multicomponentmaterial. It consists of polysaccharides, lipids, proteins, and water. From a histological viewpoint, it is composed of amylopectin gel, residual cell organization, starch grains, and air bubbles. It shows a complex and heterogeneous structure. It is not so easy to understand systematically the various properties of mochi cake. In the industry making mochi cake or rice cooky, however, it is required to characterize mochi cake not only qualitatively, but also quantitatively, to carry out quality control. A delicious mochi cake has moderate extensibility and moderate firmness. Extensibility and firmness may correspond to viscosity and elasticity, respectively.
Absolute values of viscosity and elasticity and a balance between them are considered to be important. This is just the problem in viscoelasticity.
So a viscoelastometry may be one of the characterization methods for a mochi cake. In fact, various studies on mochi cake have been made from a rheological point of view.1 "8) There exist two streams in the rheological study. One is to study a rheological response on a basis of a clearly Figure 1 shows a schematic diagram of WRG.This apparatus has two independent driving systems; one for a rotatory oscillation and the other for a steady rotation. The gear-box in these driving systems has a wide transmission gear ratio changeable from 1/10 to 1/106-9. This allows us to select an appropriate time scale. In an oscillatory driving system, a translational, sinusoidal oscillation produced by a cam train is transformed to a rotatory oscillation through worm gearing. The oscillation amplitude can be monitored with a transducer set on the worm axis. The amplitude of rotatory oscillation can be continuously controlled in the range from 6.1x1(T4 to 3.0xl0~2 radian. The transmitted torque is monitored with a torsion bar supported by air-bearing. The strain and torque signals were taken into a microcomputer (NEC, PC9801VM2) through a 12-bit A/D converter board (Microscience Inc.,
DAS-1898XPC).
The storage modulus G' ((o)(=\ G*(co)\ cosS), loss modulus G"(co)(=\G*(co)\sinS), and loss tangent (tan S) were calculated from the absolute value of dynamic moduli | G*(co) | and phase angle S, estimated by Eqs. (1) and (2), respectively.
o7o Jo where T is the transmitted torque, h and R are the height and the radius of the sample, respectively, a is the angular amplitude of the lower plate, co is the angular frequency, and y(t)(=y0sincot) and a(t)(=a0sm(cot+S)) are shear strain and shear stress measuredas a function of time, respectively. It has been reported by Kurokouchi et al.9 ) that a phase angle can be directly estimated from the time difference between strain and stress signals. Their method requires a large data memory and a high rate of sampling. However, the numerical integration ofEq. (2) gives enough accuracy if the sampling rate is at least 100 times higher than the measured frequency of oscillation.
When we measure the relaxation modulus, the driving shaft for steady rotation was rotated quickly by hand with a special handle. The given angle of rotation was monitored with a potentiometer set on the axis. The relaxation moduluswas calculated by Eq. (3). In Fig. 3 understand a mochi cake quantitatively by microphotometry. Figure 4 shows examples of shear strain dependence of dynamic moduli at various temperatures. Here, the shear strain in the abscissa shows the maximumone estimated at the outer edge (R= 14mm). It is clear that the measurements were done in a linear region, because dynamic moduli did not depend on strain. Figure 5 shows examples of time dependence of linear dynamic moduli at various temperatures, where the time zero has been whenthe temperature in the thermostat reached a given value. At all the temperatures, dynamic moduli reached constant values 2 or 3 hr later. So all the measurements were started after 3 hr elapsed. Figure 6 shows examples of the change in dynamic moduli with temperature measured with WGR. Figure 7 shows an The frequency-dependent curves of the storage modulus at various temperatures can be shifted along the frequency axis on the curve at any reference temperature. A similar procedure, however, cannot be used for the loss modulus curves. So it is concluded that the timetemperature superposition principle1 0) cannot be applied to the present samples. This may be because an internal structure of the sample changes with temperature due to gelatinization. Thereafter, the measurementswere done at 30, G" values monotonically decreased with kneading time in both time regions. In the stamped sample, both G' and G" values were almost independent of the numberof stampings in a short time, but G showeda maximum at 100 strokes in a long time. According to our experience, the underkneadedor understamped Left panels, kneading; right panels, stamping. Referenced frequencies in upper and lower panels are 0.631 and 1.00 x 10~3 radian/sec, respectively. Data values are taken from those in Fig. 9 or Fig. 10 . peak in G for the stamped sample in Fig. ll may correspond to this suitable condition. Thus, the different samples were distinguished to some extent by the viscoelastometry in the linear region. However, these results in viscoelastometry cannot give a suitable preparation condition for the kneaded sample.
Linear viscoelastic properties
This did not make clear the difference between the samples stamped 50 and 300 strokes, which were certainly distinguished by microphotometric observation. Furthermore, this did not explain subtle characteristics which can be recognized whenwe press or extend mochi cake samples. Therefore it can be concluded that microphotometry or viscoelastometry in the linear region is one of the possible methods, but each of them alone is insufficient for characterization of mochi cake.
